We present an analysis of a deep, 172 ks Chandra observation of the Large Area Lyman Alpha Survey (LALA) Boötes field, obtained with the Advanced CCD Imaging Spectrometer (ACIS-I) on the Chandra X-ray Observatory. This is one of the deepest Chandra images of the extragalactic sky; only the 2 Ms CDF-N and 1 Ms CDF-S are substantially deeper. In this paper we present the X-ray source catalog obtained from this image, along with an analysis of source counts, and optical identifications. The X-ray image is composed of two (log(f X /f R ) < -1.0) are optically extended, which are low-z normal galaxies or low luminosity AGNs. There is also a population of sources which are X-ray overluminous for their optical magnitudes (log(f X /f R ) > 1.0), which are harder in X-ray and are probably obscured AGNs.
. Note that the number of total detected X-ray sources will be increased to 196 if we use a probability threshold of WAVDETECT (1 × 10 −6 ), however, considering the increased number of possible false detections (∼ 5 expected per image), we prefer to publish a conservative catalog with fewer false detections. We also tried to search for X-ray sources with scales much larger than the PSF by running WAVDETECT with wavelet scales of 32,64,128 pixels on the images. However, we didn't detect any new source beyond those in the catalog. Below we give explanations to the columns in Table 1 .
Column (1)- (4): the source ID, IAU name, right ascension and declination respectively.
The IAU name for the sources is CXOLALA1 JHHMMSS.s+DDMMSS. The positions were determined by WAVDETECT. Whenever possible, we use positions derived in the soft band, which has the best spatial resolution among the three bands. For sources which are not detected in the soft band, we use total band positions instead if available, and hard band positions were quoted for those sources detected only in the hard band.
for source detected in total, soft and hard band respectively. Multiple letters are used for sources detected in more than one band. For example, "TS" means detections in both the total band and the soft band, but non-detected in the hard band.
Column(10): hardness ratio defined as HR = (H-S)/(H+S), where H and S are the vignetting-corrected net counts in the hard and soft band respectively. The hardness ratios vs 0.5 -10.0 keV band X-ray fluxes for the detected X-ray sources are plotted in Fig. 2 .
Assuming a power-law spectrum with the Galactic HI column density (1.15 × 10 20 cm −2 ), the observed hardness ratio can be converted to the photon index Γ of the spectrum, which is also presented in the figure. As presented in earlier surveys, harder sources are seen at fainter fluxes, most of which are believed to be obscured AGNs.
Column (11)- (13): X-ray fluxes (Galactic absorption corrected) of three bands in the unit of 10 −15 ergs cm −2 s −1 . A power-law spectrum with the Galactic column density was assumed to calculate the conversion factors from net counts to X-ray fluxes. The photon index of the power-law was chosen at Γ = 1.4, which was also used in Giacconi et al. (2002) and Stern et al. (2002a) . Three band net count rates were calculated by dividing the net counts in column 6-8 by the effective exposure time 8 at each source position in each band, and then converted into X-ray fluxes of 0.5 -10.0 keV, 0.5 -2.0 keV, and 2.0 -10.0 keV respectively. These settings make our results directly comparable with those from other surveys. The conversion factors used were 1.25 × 10 −11 ergs cm −2 count −1 from the 0.5 -need more net counts to be detected because of the larger PSF size. This indicates that the detection limits of net counts vary with the PSF sizes. Two dashed lines (net counts = A + B × PSF 2 respectively) are added to Fig. 4 , with the parameters A and B chosen for both bands by visual inspection to exclude all non-detected sources and include maximum number of detected sources. We can see that although some detected sources are located below the threshold dashed lines, they are mixed up with these non-detected sources, i.e., the detection is incomplete below the lines, and the sky coverage for these sources is thus not available. In this paper, we use only these sources with net counts C > A + B × PSF 2 to calculate LogN-LogS 10 . Using the above cutoffs, the sky coverages are derived and presented in Fig. 5 . The derived LogN-LogS for both soft and hard band are presented in (1) And for the 2.0 -10.0 keV band, we find:
The above procedures of calculating LogN-LogS were also run on the 1 Ms CDF-N data (Brandt at al. 2001 ), 1 Ms CDF-S data (Rosati et al. 2002) , and 184.7 ks Lynx data (Stern et al. 2002a) . The independently derived LogN-LogS from the above three fields match the published ones to within 1σ, and are plotted in Fig. 6 for comparison. The source densities (N>S) and 1σ uncertainties at the faint end (2.0 × 10 −16 ergs cm −2 s −1 in 0.5 -2.0 keV band, and 2.0 × 10 −15 ergs cm −2 s −1 in the 2.0 -10.0 keV band) are plotted in the inserts.
In the soft band, there is no significant difference among the source counts from the four deep surveys. In the hard band, obvious fluctuations of the source counts are seen at the faint end: LALA Boötes field has the highest source density at 2.0 × 10 −15 ergs cm
which is 33% higher than that of CDF-S, while CDF-N is 23% higher than CDF-S and Lynx field is 14% lower. Note that similar field-to-field variances of the hard band source counts have been reported previously (see Tozzi 2001a , Cowie et al. 2002 . This is believed to be due to the clustering of the X-ray sources. The non-detection of field-to-field variance in the soft band is also consistent with the results from previous studies (Yang et al. 2003; Tozzi et al. 2001a) , indicating that the soft X-ray sources are less correlated than the hard X-ray sources.
What fraction of the hard X-ray background is resolved by our deep 172 ks Chandra imaging? In the range of 1.7-100 × 10 −15 ergs cm −2 s −1 , the integrated hard X-ray flux density in the 2.0 -10.0 keV band is 1.2 × 10 −11 ergs cm −2 s −1 deg −2 . Note for sources bright than 10 −13 ergs cm −2 s −1 , the integrated hard X-ray flux density from our survey is 0.4 × 10 −11 ergs cm −2 s −1 deg −2 , consistent with the value derived by della Ceca et al.
(1999) from a wider area ASCA survey. The total integrated hard X-ray flux density we obtained is 1.6 × 10 −11 ergs cm −2 s −1 deg −2 , down to 1.7 × 10 −15 ergs cm −2 s −1 in 2.0 -10.0 keV band. This is equal to the High Energy Astronomy Observatory 1 (HEAO 1)
value (Marshall et al. 1980 ), but 10%-30% lower than the more recent determinations from ASCA and BeppoSAX (e.g., Ueda et al. 1999; Vecchi et al. 1999) . We conclude that our 172 Chandra deep imaging resolves 70% of the 2.0 -10.0 keV X-ray background, and the main uncertainty comes from the value of total X-ray background itself. ′′ diameter aperture) of the NDWFS images are B W < 26.5, R < 25.7, and I < 25.0. The corresponding limits in the LALA broadband data are V < 25.9 and z ′ < 24.6 (where the z ′ limit is on the AB system). Our primary optical image for identifications in this paper is the R-band image from NDWFS, which is substantially deeper than the others. All the optical images were obtained using the Kitt Peak National Observatory Mayall 4m
telescope and the Mosaic-1 camera (Muller et al. 1998; Jannuzi et al. 2004, in preparation) .
These images were produced following the procedures described in version 7.01 of "The NOAO Deep Wide-Field Survey MOSAIC Data Reductions" 12 . A general description of the software used is provided by Valdes (2002) and the complete details of the NDWFS data reduction will be provided by Jannuzi et al. (2004) .
Optical Counterparts
SExtractor package (Bertin & Arnouts 1996) V2.1.0 was run on the NDWFS deep R-band image to generate the R-band source catalog. The registration of the X-ray to optical coordinates was done by cross-correlating the X-ray and the above R-band catalogs (e.g., see Giacconi et al. 2002 , Stern et al. 2002a . Average shifts in (RA R -RA X , Dec R -Dec X ) of (0.1 ′′ , -0.2 ′′ ) were found from the NDWFS R-band to X-ray imaging, but no obvious rotation or plate-scale effects were discovered. After correcting the average shifts, we matched the optical and X-ray source catalogs using a 1.5 ′′ radius aperture for host identifications, which was generally used by other Chandra surveys (Giacconi et al. 2002 , Stern et al. 2002a ). The 3σ X-ray positional uncertainties in Table 1 are used if larger than 1.5 ′′ .
Optical counterparts for 144 of the 168 X-ray sources were detected in the R-band image down to 3σ. One of them (No. 122) has multiple possible optical counterparts.
Calculations show that the possibility of having one optical source down to 3σ in a 1.5 ′′ circle by chance is 10%. This means that at least 90% of the optical counterparts we found should correspond to the X-ray sources, and at worst we might have ∼ 14 false matches.
can not tell if it is resolved or not. The total number of optically resolved sources is 15.
The search for optical counterparts was extended to B W , I, V and z ′ band for the 24 X-ray sources without R-band optical counterparts, which brought us optical counterparts for 8 more X-ray sources. The positions of these counterparts are also given in respectively. The first 3 of the 4 radio sources are resolved R<21 red galaxies, which are some of the brightest optical counterparts to X-ray sources in our catalog. The remaining source is an R-band non-detection more than 10" from any R<21 galaxies and is presumably at z>1.
X-ray-to-optical flux ratio
In Fig. 8 we plot the X-ray-to-optical flux ratio of our X-ray sources (in soft and hard band respectively), and in Fig. 9 we plot the log(f X /f R ) in the hard band vs the hardness ratio of X-ray emission. For the 22 X-ray sources without R-band counterparts detected, the lower limits of log(f X /f R ) were plotted, which shows a consistent distribution with that of the optically faint (R > 24) sources. From the figures we can see that the majority (∼ 76%) of the X-ray sources fall within log(f 2−10keV /f R ) = 0.0±1, which is typical of AGNs.
There is a significant population (∼ 10%) of X-ray faint/optically bright sources (log(f 2−10keV /f R ) < -1.0), most of which are extended in the R band optical image and X-ray soft (see Fig. 9 ). These sources should be nearby, bright normal galaxies (see Tozzi et al. 2001b; Barger et al. 2001; Hornschemeier at al. 2001 ). Other optically extended sources falling within log(f 2−10keV /f R ) = 0.0±1 or X-ray hard are most likely to be low redshift Seyfert galaxies, or low luminosity AGNs.
In addition, we also have a population of sources which are X-ray overluminous for their optical magnitudes (log(f 2−10keV /f R ) > 1.0), especially in the hard band, including most of the 22 R-band nondetected X-ray sources. We plot in Fig. 10 the histogram distribution of the hardness ratios of the optically faint X-ray bright sources
, comparing with these sources with lower X-ray-to-optical flux
The optically faint X-ray bright sources are obviously harder in X-ray, suggesting that most of them are obscured AGNs, for which high column density absorption shields both the optical and the soft X-ray emission.
R-band nondetections
There are 22 X-ray sources which are not detected in the R-band down to R = 25.7;
5 of them are detected in redder bands (I,z ′ ); and 3 of them in bluer bands (B W , V ); 14 X-ray sources have no optical counterparts found in any band, which corresponds to a sky surface density of 145 deg −2 . The integrated hard X-ray (2.0 -10.0 keV) flux density from these 22 sources is 0.14 × 10 −11 ergs cm It corresponds to ∼2 z > 5 objects in our field, which is very plausible with the current data, considering that those 11 sources are unlikely to be all at z > 5. Actually, several optically faint Chandra sources from other surveys have already been confirmed to be at z < 5 by spectroscopic observations (e.g., see Alexander et al. 2001 ).
Conclusions
We present a deep, 172 ks Chandra ACIS exposure of the LALA Boötes field. This paper describes the details of the observations, data reduction, source detection, LogN-LogS analysis, and presents the X-ray source catalog along with R-band magnitudes of their optical counterparts. A total of 168 X-ray sources were detected, 160 in the total band Foundation. We would like to thank the NDWFS team, and in particular Melissa Miller (NOAO), who assisted in the reduction of the R-band image used extensively in this paper.
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